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1. Introduction 
The text proposal on backhaul resource assignment has been agreed in [1]. 

“In case of downlink backhaul in downlink resources, the following is valid

· At the RN, the access link downlink subframe boundary is aligned with the backhaul link downlink subframe boundary, except for possible adjustment to allow for RN transmit/receive switching 

· The time-domain resources (set of subframes) that may be used for the downlink backhaul link are semi-statically assigned [FFS if also the time-domain resources for the uplink backhaul link are semi-statically assigned]
· A new physical control channel (here referred to as the “R-PDCCH”) is used to dynamically or “semi-persistently” assign resources, within the semi-statically assigned sub-frames, for the downlink backhaul data (corresponding to the “R-PDSCH” physical channel). The R-PDCCH may assign downlink resources in the same and/or in one or more later subframes.
· The “R-PDCCH” is also used to dynamically or “semi-persistently” assign resources for the uplink backhaul data (the “R-PUSCH” physical channel). The R-PDCCH may assign uplink resources in one or more later subframes.
· Within the PRBs semi-statically assigned for R-PDCCH transmission, a subset of the resources is used for each R-PDCCH. The actual overall set of resources used for R-PDCCH transmission within the above mentioned semi-statically assigned PRBs may vary dynamically between subframes. These resources may correspond to the full set of OFDM symbols available for the backhaul link or be constrained to a subset of these OFDM symbols. The resources that are not used for R-PDCCH within the above mentioned semi-statically assigned PRBs may be used to carry R-PDSCH or PDSCH.
· The detailed R-PDCCH transmitter processing (channel coding, interleaving, multiplexing, etc.) should reuse Rel-8 functionality to the extent possible, but allow removing some unnecessary procedure or bandwidth-wasting procedure by considering the relay property.
· If the “search space” approach of R8 is used for the backhaul link, use of common search space, which can be semi-statically configured (and potentially includes entire system bandwidth), is the baseline. If RN-specific search space is configured, it could be implicitly or explicitly known by RN.
· The R-PDCCH is transmitted starting from an OFDM symbol within the subframe that is late enough so that the relay can receive it.
·  “R-PDSCH” and “R-PDCCH” can be transmitted within the same PRBs or within separated PRBs.”
In this paper, we discuss further on the details of several issues based on the above agreement. 
2. Relay Backhaul Reception Timing
It has been agreed that for the R-PDCCH, “is transmitted starting from an OFDM symbol within the subframe that is late enough so that the relay can receive it”. In this section, we further discuss the details on the R-PDCCH reception timing issue.   

An MBSFN subframe control region can have one or two OFDM symbols. The control region of a normal subframe can be up to four OFDM symbols. This leads to three scenarios:

1) The relay MBSFN subframe has a larger control region than the corresponding eNB subframe
. An example would be when the control region of relay MBSFN subframe has two OFDM symbols, while the eNB subframe has only one (see Figure 1). In this case, the relay will not be able to receive the second OFDM symbol from the eNB (i.e. the first symbol of the PDSCH of the eNB subframe). 
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     Figure 1. An example of scenario 1
2) The relay MBSFN subframe has smaller control region than the corresponding eNB subframe. This is possible since the control region of relay MBSFN subframe has a maximum of two OFDM symbols while the control region of the eNB subframe has a maximum of four. If this is case (see Figure 2), the relay could receive part of the eNB PDCCH although it may not be necessary. 





     Figure 2. An example of scenario 2

3) The relay MBSFN subframe has the same control region as the corresponding eNB subframe. In this case the relay node may be able to start receiving the eNB exactly on time; but considering the relay switching (from Tx to Rx) time, some data loss may occur. 

We see two possible solutions:
1) The eNB subframe always has a fixed-size control region during the MBSFN subframe. For example, this could be for example three OFDM symbols, guaranteeing that the relay node will never miss any data from the eNB. This parameter could be specified by the standards or the eNB could semi-statically configure this parameter and signal to the UE via the BCCH. 
2) Do not fix the control region of the eNB subframe during the MBSFN subframe. The PDSCH of the eNB could start earlier than the relay node reception start time. This means that the eNB could transmit data to the relay node before the relay node is able to start receiving. If the eNB starts the PDSCH before the relay node is ready, the eNB will only transmit dummy data during the period of time that the relay node cannot receive. The eNB will start transmitting the traffic data to the relay node only after the relay node reception start time. 
Option 1 is preferred since it simplifies the relay control channel design and the relay data transmission from the eNB. 
3. Relay Control Channel Design 

General design aspects on the R-PDCCH have been agreed in [1]. But some details are still open yet. We would like to further discuss these issues. 

Over the R-PDCCH, the required downlink control information could be reduced (also the control information may not be as burst as Rel 8 PDCCH due to the less scheduling dynamics) due to the following reasons.

1) Since the number of relays in the system is smaller than the number of UEs, the number of UL and DL grants can be smaller. In addition, only one DL/UL grant may be used to allocate the backhaul link resource to one relay. 
2) The relay link normally has better link quality than the access link. Higher modulation orders (e.g., 16-QAM, 64-QAM) may be used on the physical control channel as well as spatial multiplexing. 

Figure 3 shows an example of relay downlink control information (R-DCI) being transmitted in the subset of PRBs. The number of PRBs which carries R-DCI can be semi-statically configured and signalled by the eNB. The number of OFDM symbols of R-DCI can be dynamically indicated by the relay physical control format indicator channel (R-PCFICH) in a manner similar to that of the PCFICH or semi-statically indicated by the eNB through high layer signalling. The remaining OFDM symbols in the MBSFN subframe after the R-DCI can be used for DL data transmission to the relay or LTE-A (R10) UEs. This area cannot be used for R8 UEs since they will not understand the R-DCI. From the scheduler point of view, the relay and the R10 UEs can be assigned to any PRBs over the PDSCH portion of the MBSFN subframe, while the R8 UEs can only be assigned to any PRBs outside those that carry the R-DCI. 





Figure 3. Relay Inband DL control channel structure

In one option, R-PCFICH can be used to indicate the number of OFDM symbols of the R-DCI. The R-PCFICH should be located in the first symbol of the reserved PRBs for R-PDCCH similar to LTE Rel-8. . Another option is to fix or semi-statically configure the number of OFDM symbols of R-DCI so that R-PCFICH is not needed in the relay control channel to simplify the design. We expect that the number of relay per eNB should be small and the backhaul link is used to transmit the control signalling between eNB and the relay node, e.g. X2 message, the data via the backhaul link will occur more periodically than the one happens via the link between eNB and normal UEs. Therefore, it would be more reasonable to fix or semi-statically configure the number of OFDM symbols for R-DPCCH rather than changing dynamically with R-PCFICH. 
Another important issue to be discussed is whether or not the control region is expanded to include the full set of OFDM symbols, i.e. FDM multiplexing with PDSCH resource. To minimize the number of PRBs to be reserved for R-PDCCH, it could be considered to include the full set of OFDM symbols in a subfrmame for R-PDCCH. However, it should be carefully considered to fix the control region to take the whole subframe because it will increase the overall processing time and the memory to buffer the downlink signal before PDCCH decoding. In addition, the granularity of resource allocation for CCEs is much coarse. We roughly calculate the number of available CCEswith respect to the number of PRBs and the number of OFDM symbols as shown in Table1. Regarding the number of CCEs to be required in the backhaul link, we expect the small number of CCEs should be sufficient because the number of required PDCCHs is small and the relay link is fixed and has better link quality, which means the low CCE aggregation level would be sufficient. In addition, if the higher modulation order (e.g., 16-QAM, 64-QAM) is used for R-PDCCH, the size of CCE used in the backhaul link could be further reduced. Considering the small number of CCEs may be enough, the R-PDCCH structure having coarse granularity would not be desirable.Instead, the number of CCEs could be increased by allocate more PRBs.  Therefore, we prefer that both the number of OFDM symbols and the number of PRBs for R-PDCCH are semi-statically configured by eNB (this can also reduce the signalling overhead of the R-PCFICH). However, it need to be further investigated where PRBs for R-PDCCH are located, e.g. the contiguously located or non-contiguously located. 
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Table 1. The number of CCEs with respect to the number of OFDM symbols and the number of PRBs for R-PDCCH(assumed the first 3 OFDM symbols are used for normal PDCCH)

4. Resource Assignment for Relay Uplink Grants 

It has been agreed that “The R-PDCCH may assign uplink resources in one or more later subframes”. In the R-DCI, the eNB may grant uplink resources for the relay link. Currently in the R8 LTE specification, the uplink grant for the UEs is only valid for one subframe (4 ms later following the uplink grant). For each uplink transmission, the eNB will need to send an uplink grant unless semi-persistent scheduling is configured. 
However, the eNB only transmits relay backhaul information to the relay node during an MBSFN subframe. More flexibility could be beneficial for the backhaul uplink transmission. If Rel-8 example is followed, there will be only as many uplink transmissions as downlink MBSFN subframes. It would be useful to distribute uplink backhaul transmissions within a radio frame, not following the fixed association with downlink MBSFN subframes. To support this operation, we propose to include the subframe information in the relay uplink grant. Hence for each uplink grant, multiple subframe information may be included. The RN will then have multiple uplink transmission opportunities by a single uplink grant. The grant information such as resource allocation and the MCS may keep the same for these multiple uplink transmission opportunities containing in a single grant to simplify the design.  
5. Conclusions
In this paper, the issue of relay link control channel design is discussed. We suggest the following:
· During the relay MBSFN subframe, the eNB subframe always has fixed size control region. 

· The reserved PRBs for the R-PDCCH may be localized or distributed and is signalled via the high layer signaling. Higher order modulation, e.g. 16QAM and 64QAM, can be considered for the R-DCI. 
· The number of OFDM symbols for the R-DCI is semi-statically signalled by a high layer signalling.  

· Subframe information should be included in the relay uplink grant to allow flexible uplink resource allocation or multi-subframe uplink resource allocation. 
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� Note that the relay node cannot receive the PCFICH from the eNB during its MBSFN subframe.
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